Valproic acid selectively suppresses the formation of inhibitory synapses in cultured cortical neurons.
Valproic acid (VPA) has been used to treat epileptic patients because of its ability to potentiate GABA signaling in the brain. Despite its clinical significance, VPA administration during pregnancy increases the risk of congenital abnormalities, such as neural tube defects and neurodevelopmental disorders including autism. Furthermore, recent studies revealed that early postnatal administration of VPA also leads to neurodevelopmental deficits in rodents. Here, using cultured cortical neurons derived from postnatal day 1 rats, we examined whether exposure to VPA would affect synapse formation. When neurons were exposed to 1mM VPA during early development, expression of the vesicular GABA transporter (VGAT) was selectively reduced, whereas other synaptic markers, including the vesicular glutamate transporters 1 and 2 (VGLUT1 and 2), were not affected. This VPA effect was mediated through inhibition of histone deacetylases (HDACs), since the effects were mostly recapitulated by an HDAC inhibitor, trichostatin A, but not by a VPA derivative, valpromide, which lacks HDAC inhibitor activity. Immunocytochemical analysis demonstrated that VPA exposure resulted in a retardation of axonal growth specific to GABAergic neurons and a decrease in VGAT-positive synapses. Since disturbance of the excitatory and inhibitory (E-I) balance has been implicated as a potential cause of multiple psychiatric disorders, our results may account for one of the cellular mechanisms underlying the pathogenesis of VPA-induced neurodevelopmental impairments.